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small ones, thus requiring a longer digestion time. The presence of contaminating RNA in the DNA samples had an inhibitory effect on PCR amplification. This problem was particularly insidious when using large feathers as a source of DNA, but the addition of an RNAse digestion step eliminated this problem. In summary, the nucleic acid extraction protocol described here is a useful tool for extracting genomic DNA from feathers for the purpose of sex determination and other genomic investigations.
paratuberculosis, previously named M. paratuberculosis. Two other M. avium subspecies have been described: M. a. avium and M. a. silvaticum. 18 For differentiation of M. a. paratuberculosis from the 2 other subspecies, detection of the specific IS900 insertion sequence by molecular techniques currently is the only option. 8 The other 2 M. avium subspecies also appear to have 1 or 2 unique sequences (IS901 and IS902) although these do not always seem to be present. 12, 14 A general prerequisite for a sensitive and specific serologic test is a specific test antigen. Mycobacterium a. paratuberculosis has a wide range of antigenic determinants, some of which may also be found in Eschericia coli, 7 Nocardia asteroides, corynebacteria, and other mycobacteria. 1, 5, 20 In enzyme-linked immunosorbent assays (ELISAs) inclusion of an absorption step with M. phlei 20 removes the most nonspecific antibodies, whereas antibodies to M. bovis and M. a. avium will remain in the sample tested. 5 The accuracies of various antibody-detecting ELISAs for diagnosis of paratuberculosis are given in Table 1 . The purpose of the present study was to compare 2 ELISAs for serologic diagnosis of bovine paratuberculosis based on different antigens, i.e., an M. a. avium antigen and an M. a. paratuberculosis antigen, to test whether the former is less specific than the latter.
Paired fecal and serum samples (n ϭ 582) from 6 paratuberculosis-positive dairy herds were collected on the same day for each herd and sent to the Cattle Health Laboratory. a Blood samples were collected in 10-ml anticoagulant-free glass tubes and received at the laboratory the day after sampling. The samples were centrifuged, and serum was transferred to 3.6-ml cryotubes and frozen for later testing. Serum samples from cows for which M. a. paratuberculosis had been demonstrated in feces by culturing on modified Löwenstein-Jensen medium with decontamination as previously described 6, 11 were selected and defined as the known positive material (n ϭ 64). Sixty-eight serum samples from cattle in Norway were included and defined as known negative material because Norway is considered free of bovine paratuberculosis. 13 The samples were tested with an ELISA (A-ELISA) based on a commercially available antigen b as adapted from the original descriptions. 1, 20 The antigen was originally designated M. paratuberculosis strain 18 but was later shown to be from M. a. avium serotype 2. 2 Microtiter plates c were coated with antigen (2.0 g protein/ml in 0.1 M carbonate buffer, pH 9.6), and the coated plates were left overnight at 5 C. Serum samples to be tested were incubated overnight at 5 C after addition of an equal amount of a suspension of M. phlei b (2.0 g/ml). The coated plates were washed 5 times in phosphate-buffered saline (pH 6.8) with 0.05% Tween 20 (PBST 20 ), and the treated samples were added to the wells in duplicate (100 l/well), diluted 1:10 in PBST 20 , and left overnight at 5 C. On each plate, 2 sets of positive and negative controls were included. After repeated washings, 100 l of a 1:4,000 dilution of peroxidase-labeled goat anti-bovine IgG (heavyϩlight) d was added to each well. The plates were incubated for 1 hour at 20 C and washed again. Ortho-phenylene diamine (OPD) e was diluted in citrate buffer (pH 5.0) to a concentration of 300 g/ ml, 100 ml of this OPD solution was supplemented with 80 L H 2 O 2 , and 100 l of the final solution was added to each well. Reactions were stopped with 100 l 0.5 M H 2 SO 4 per well, and spectrophotometric reading was performed using an ELISA reader with a 492-nm filter, with a 620-nm filter as reference. The ELISA used for comparison was a commercially available absorbed ELISA f using M. a. paratuberculosis strain VRI 316 as the antigen and M. phlei as absorbant. This P-ELISA was performed as described by the manufacturer. f To compensate for nonspecific reactions due to serum factors other than antibodies in both ELISA, a corrected optical density (OD C ) value was calculated for each sample by subtracting the average OD value of the negative controls of each plate from the average OD value of the sample.
Receiver operating characteristic (ROC) analysis was performed. The area under the curve (AUC) and the standard error of the AUC (SE AUC ) were calculated for each ROC curve 10 (Fig. 1 ). If the AUCs were different from 0.5, a ztest was used with the formula z ϭ (AUC Ϫ 0.5)/SE AUC . If the AUCs were different from each other, another z-test was used with the formula 9
The AUC for the A-ELISA was 0.9149 (SE AUC ϭ 0.0285), and the AUC for the P-ELISA was 0.9197 (SE AUC ϭ 0.0183)( Fig. 1) . Both AUCs were different from 0.5, giving z ϭ 14.6 for the A-ELISA and z ϭ 23.0 for the P-ELISA.
The correlation coefficient between the 2 ELISAs was calculated as r ϭ 0.435. The z-value for difference between the 2 AUCs was calculated based on these figures, giving z ϭ 0.182; Thus, there is no significant difference in AUC for the 2 ROC curves. The antigen of the P-ELISA in this study was extracted from an M. a. paratuberculosis strain, whereas the antigen of the A-ELISA was extracted from an M. a. avium strain. Thus, theoretically the A-ELISA should be less specific than the P-ELISA at the same sensitivity. This expectation is based on the assumption that immune reactions raised against these 2 antigens are not the same. However, these reactions may not differ at all. Specific immunogenic antigens of the 2 M. avium subspecies might not exist. Cloning of a 34-kD protein from M. a. paratuberculosis revealed a recombinant polypeptide (a362) described as specific to M. a. paratuberculosis and Corynebacterium xerosis without cross-reactions to M. a. avium, M. bovis, M. phlei, or other mycobacteria and N. asteroides. 5 However, studies of some cattle with definitive pathologic diagnosis of tuberculosis tested positive with an ELISA using a362 as antigen. 19 These animals were not certified to be free of paratuberculosis. This test result may indicate a cross-reaction with M. tuberculosis if those animals were really not infected with M. a. paratuberculosis. This result is consistent with the suggestion that a362 is be shared by M. bovis and M. a. paratuberculosis. 4 In this study, no difference in antigens from the 2 subspecies was demonstrated when used in ELISAs for detection of antibodies to M. a. paratuberculosis. In conclusion, an antigen derived from M. a. avium could be just as specific as 1 derived from M. a. paratuberculosis for demonstration of antibody to paratuberculosis when used in the 2 ELISAs described.
